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Abkimct: Hvdrosilvkations of stvrene bnd cyciopmtodicne are performed in the presence of 
phosphetm&mf&m !:l a&f &I complex& Ai Ynpmcedented~inkbitobitory &kct oi,the seco& 
phosphine ligond suggests II monophosphine-Pd cotolyud process which proceeds through four- 

Several transition metal compounds are_known to catalyze the hydrosilylation of olefinic bonds. Platinum 

derivatives are the best established and most efficient systems, but the related palladium based catalystst have 

some important featums. The most significant difference between the two systems lies in their regioselectivity. 

With the Pt catalyzed system, 1-silylalkanes are produced. In contrast, palladium catalysts lead highly 

selectively to 2-siiylalkanes: this process creates a chiral carbon atom and permits asymmetric catalysis2. Any 

palladium precursor may be used, but they are only active in combination with phosphines tc. 

An exploratory study of the potential of phosphetane 13 and its anafogues as chiral ligands in transition 

metal catalysis led us to examine the Pd-catalyA hydtosilylation reactions above. 

2 

Men = I-menthyl 

HydrosNylation catalysts are generally prepared in sihr by mixhkg phosphines and tbe C12Pd(PhCN)2 

complex in a 21 ratio2.4. However, isolated (aminophosphine) PdCl2 complexes have been use&as the 

catalyst precursors. For the experiments described hem, trans-dichloro bis(4-benzyl-1-menthyl-2.2.3.3- 

tetramethylphosphetane) palladium (II), 2, was prepared by addition of two equivalents of 1 to ClzPd(PhCNh, 

in 93% yield after crystaUi&ion from pcntane. After full characterization6, it was used as a catalyst precursor in 

the hydmsilylations of cyclopentadiene and styrene (Scheme 1 and Table 1). 
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Scheme 1. HydrosilyIation reactions of Cyclopentadiene and Styrene catalyzed by 
Phosphetane-Palladium Complexes 
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Most of tbe reactions were carried out in sealed glass ampoules. The substrate (16 mmol) and HSiCl3 

(18 mmol) were added successively to lhe catalyst (5.10*3 mmol) at 0% without solvent, under argon. 
Reaction times and temperatures are given in Table I. The final product was purified by distillation 
under vacuum (20 mm Hg). 3-(Trichlorosilyl)cy~l~per~tene was then reacted with an exce.ss of EtOH in 
the presence of Et3N in ether to afford 3-(trietboxysilyl)cyclopentene. I-Phcnylethyltrichlorosilane was 
converted into I-phenylethyltrimethylsilane by reaction with an excess of MeMgBr (3N sol. in ether) 

The progress of the catalytic reactions was monitored by 1~ NMR. T’his showed that, in the case of styrene 

(entries 4,5), the palladium complex 2 exhibited high catalytic activity (substrate : 2 = 1:2.1@ mol) and high 

regioselectivity: 1-phenylethyl-trichlorosilane was formed exclusively. In the hydmsilylation of cyclopentadiene 

(entry 2), the competitive dimerization of the substrate lowered the final yield substantially. 

Table I. Hydrosilylation reactions ; see eq. 1 and 2. 

&try WI Substrate Reaction Yield (%) 
conditions 

e.tAz)’ 
t P.1 

1 CWd(L)2 92 Cyclopentadiene 25°C. 15h Ob 

2 7O”C, 30h 26a 44 (S) 

3 Cl2Pd(PhCN)2+1 (1: 1) 25/30DC,2h loob 70a 54 W 

4 ClzPd(L)z 92 Styrene 70°C, 58h ‘b 70 

5 90°C,24h 100b 19 (R) 

6 ClzPd(PhCN)2+1 ( 1: 1) 50°C. 24h 1OOb 18 (R) 

a Isolated yield 
b By lH NMR analysis of the reaction,mixture 
C Determined by measurement of optical rotation of known derivatives : 3-(triethoxysilyl)cyclopentene7 and 

I-phenylethyltrimethyIsiiane* respectively. 

For comparison, a 1: 1 phosphetane-palladium complex was prepared by slow addition of a solution of 1 

(5.10-3 mmol) in CHzCl2 to Cl2 Pd (PhCN)z (5.10-3 mmol) at room temperature. After evaporation of the 

solvent, the crude product was used as a hydrosilylation catalyst. As shown in Table I, this I:1 complex 

dramatically increases the reaction rate with respect to the 2: 1 complex. The effect is especially striking for 

cyclopeatadiene (entry 3). where a slightly exothennic reaction is observed simply upon mixing the reagents at 

room temperature. 
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This phenomenon seems to be general when phosphetane ligands are used; various phosphetane ligands 

have been tested in catalysts for the hydrosilylation reaction, and a 1: 1 phosphine to palladium ratio affords the 

more effective catalyst precursor in all cases. A detailed study will be reported later. These results indicate that 

the most active intermediates in the hydmsilylation reaction must be 1: 1 phosphine-palladium complexes. 

A priori, when using 2 as the catalyst precursor, the reaction could proceed either through a different 

mechanism to that of the 1: 1 catalyst, or via the same intermediates, after decomplexation of a phosphine ligand. 

The stereochemical outcome of the reactions described above seems to favour the second hypothesis because, 

within experimental error, both catalysts give the same enantiomeric excesses in styrene hydrosiiylation (see 

Table I). The better asymmetric induction of the 1: 1 palladium complex with respect to the 2: 1 complex in the 

hydrosilylation of cyclopentadiene may reflect the lower reaction temperature.7 

These observations suggest that the same monophosphine-Pd intermediate is operating in the 

enantiodetermining step, irrespective of the phospbine : metal ratio in the catalyst precursor. Re-coordination of 

the second phosphetane in a later step of the catalytic cycle, according to the generally postulated mecbanism~. is 

highly unlikely, given the extremely low concentration of the ligand. The 1Celectron complex formed from 3 

by olefin insertion into the Pd-H bond could, however, reach the stable 16-electron configuration by 113 

complexation of the ally1 moiety, for cyclopentadiene. or by coordination of a second olefin in the case of 

styrene. 

L, , Sic13 

L = phosphine 

3 

The unexpected improvement of the catalytic reaction by using a phosphine to palladium ratio of 1: 1 seems 

to be peculiar to the phosphetane ligands. In fact, 1: 1 or 2: 1 ratios of L &=2-(diphenylphosphino)-Z-methoxy- 

I.l’-binaphthyl) to palladium are reported to give almost the same results in the hydrosilylation of 1-octene~. 

The unprecedentedly strong inhibition of catalysis when 2 is used as the starting material probably reflects the 

high basic&y of the trialkyl phosphine 1, which slows down the dissociation reaction leading to the catalytically 

active species. 

Our results are in agreement with the findings of T. Hayashi and coworker@, who have recently pointed 

out a total loss of catalytic activity when chelating bisphosphines are used as ligands. They reasonably argued 

that a monodentate phosphine (L) leads to a more active square-planar palladium intermediate, 3, which offers a 

coordination site for the activation of olefm. 

In summary, the results above confirm the assumption of 1: 1 phosphine-palladium complexes as intermediates 

in the palladium-catalyzed hydrosilylation reaction and emphasize a potential inhibitory effect of the second 

phosphine ligand. 

l%e author thanks Drs. F. Mathey and J. C. Fiaud for he&id discussions. 
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